Water is carried by subducting slabs as a pore fluid and in structurally bound minerals, yet no comprehensive quantification of water content and how it is stored and distributed at depth within incoming plates exists for any segment of the global subduction system. Here we use seismic data to quantify the amount of pore and structurally bound water in the Juan de Fuca plate entering the Cascadia subduction zone. Specifically, we analyse these water reservoirs in the sediments, crust and lithospheric mantle, and their variations along the central Cascadia margin. We find that the Juan de Fuca lower crust and mantle are drier than at any other subducting plate, with most of the water stored in the sediments and upper crust. Variable but limited bend faulting along the margin limits slab access to water, and a warm thermal structure resulting from a thick sediment cover and young plate age prevents significant serpentinization of the mantle. The dryness of the lower crust and mantle indicates that fluids that facilitate episodic tremor and slip must be sourced from the subducted upper crust, and that decompression rather than hydrous melting must dominate arc magmatism in central Cascadia. Additionally, dry subducted lower crust and mantle can explain the low levels of intermediate-depth seismicity in the Juan de Fuca slab.
H ow much and at what depth water is released from subducting slabs 1 depends on how and where it is stored within the down-going plate 2 . Water is stored both as a fluid in pore spaces (H 2 O pore ) and structurally bound (H 2 O + ) in secondary minerals resulting from hydrothermal alteration 3 , with H 2 O pore released from the plate at shallower depths in the subduction system 2 . The relative contribution of each storage mode to oceanic plate hydration differs for sediments, upper crust, lower crust and lithospheric mantle due to the differences in composition, porosity, and temperature among these layers. Quantifying the hydration state of all sections of an incoming plate is of fundamental importance for understanding subduction processes such as dynamics of the mantle wedge 4 , generation of arc magmas 5 , and the seismogenic behaviour of the plate interface 6 , as well as for constraining global fluxes of volatiles 7 . Constraints on sediment and crustal hydration from drilling exist 7 , but their restriction to a few locations limits their broader relevance, as they have to be extrapolated to other settings and crustal ages. Geophysical studies constrain hydration of incoming oceanic mantle at a number of subduction systems, but sediment or crustal water contents are rarely estimated by these studies, and the partition of water into H 2 O pore and H 2 O + as a function of depth has not been fully addressed, resulting in overestimation of incoming mantle hydration 8 (Supplementary Table 1 and references therein). Thus, there is not a single segment of the global subduction system for which the water content and distribution within the incoming plate has been estimated in a comprehensive manner.
At the Cascadia subduction zone (Fig. 1) , the relatively young age (5-9 Myr old (ref. 9)), moderate convergence rate (34.8 mm yr −1 relative to North America 9 ), and thick sediment cover (Fig. 2  and Supplementary Table 1 ) of the Juan de Fuca (JdF) plate at the onset of subduction all contribute to a warm thermal structure 10 that is thought to limit the water storage capacity of the plate. This is particularly important for the lithospheric mantle, which represents the largest potential water reservoir for all oceanic plates, where formation of high-water-content mineralogies such as serpentine is severely reduced at temperatures above ∼350
• C (ref. 11 ). This expected overall limited hydration of the JdF plate at the Cascadia deformation front (CDF) is apparently at odds with the many observations attributed to fluids derived from slab dehydration. These include low seismic velocities in the fore-arc mantle interpreted as a serpentinized region 12 , elevated Poisson's ratio in the subducting crust 13 , episodic non-volcanic tremor and slow slip (ETS) events 14 , intra-slab seismicity thought to result from dehydration embrittlement 15 , low electrical resistivities in the fore-arc mantle 16 , and geochemical evidence that fluids in southernmost Cascade magmas are sourced from hydrated subducted mantle 17 . Water is incorporated into the JdF plate as it evolves through different hydrogeological regimes from accretion at the JdF ridge to subduction at Cascadia [18] [19] [20] [21] (Fig. 1) . Ridge segment boundaries propagate along the axis, creating pseudofaults that are preserved in the interior of the plate 9 ( Fig. 1 ). These structural anomalies are characterized by sheared and fractured crust with higher potential for water storage 18 . In the interior of the plate, a complex stress state 22, 23 contributes to increased deformation in the southeastern sector of the plate (as indicated by elevated levels of intra-plate seismicity, Fig. 1 ) and therefore to its potential for hydration 20 . Near the CDF, seismic reflection images document plate faulting in response to bending stresses, with more pervasive faulting extending through the crust and into the mantle offshore Oregon than offshore Washington 24 . Thus, the hydration potential of the incoming JdF plate is variable along Cascadia due to both structural heterogeneities inherited from accretion at the ridge as well as . Yellow dots represent epicentres of upper, continental plate events, whereas red dots are epicentres in the incoming and down-going Explorer, JdF and Gorda plates (Jan 1975-Jan 2015, ANSS catalogue). Green shading highlights the increased seismicity of the southeastern sector of the JdF plate. Thick solid lines are seismic profiles. Black/white dashed lines are Cascadia deformation front (CDF) and other plate boundaries. Dashed lines delineate propagator wakes and shear zones in the JdF plate determined from disruptions of marine magnetic anomalies (long dash) and from plate motion reconstructions constrained by marine magnetic anomalies (short dash) 9 . Brown contours (labelled in km) correspond to depth to top of the slab 43 . White triangles are main arc stratovolcanoes. Vertical purple bars mark megathrust palaeoseismicity segmentation 31 . Green line with bars represent the centroid and tremor segmentation 42 .
a variable stress regime in the interior of the plate and along the margin.
To quantify the water content of the JdF plate, we conducted a controlled-source wide-angle seismic and multichannel seismic reflection survey of the JdF plate. Data were collected along two transects across the full width of the plate and along a profile subparallel to the CDF, as well as along three fan profiles (Fig. 1) 18,24 . We use effective medium theory 25 to convert the tomographically determined P-wave velocity (V p ) along profile L3 (Fig. 2a) to water content estimates for the plate. We determine, for the first time, the relative contributions of H 2 O pore and H 2 O + within the sediments, upper and lower crust, and uppermost mantle reservoirs by assuming that the porosity for each particular layer is filled with a combination of fluid water and hydrated alteration mineralogies (Methods).
Water content of the Juan de Fuca plate
The proto-décollement within the incoming sediments is located just above the basement offshore Washington at the intersection of profiles L2 and L3 (47 • 25 N, Fig. 1 ) 24 , 0. and lower crust and upper mantle (c). Solid and dashed colour lines are V p estimates based on dominant lithology and thermal structure at each depth interval. In c, dry mantle V p is shown for no mantle anisotropy and for 6% azimuthal anisotropy with fast propagation along the spreading direction (dashed and solid green lines, respectively). Grey shadings locate propagator wakes.
to the south of a buried seamount at 45 • 25 N (refs 24,26) , and <0.6 km above basement between 45
• 50 -47 • 15 N (refs 27,28) (Fig. 2a) . Sediment velocities below the proto-décollement range between 3.0 and 4.2 km s −1 (Fig. 2b) , from which we estimate an average H 2 O pore content of 4.1 ± 1.8 wt% (Fig. 3a and Supplementary Table 1 ). The amount of sediment-hosted water actually subducted will differ slightly from what we estimate along L3 because of changes in the stratigraphic level of the décollement 26 , which are a couple of hundred metres at most 27, 28 . Upper crustal V p values within the extrusive Layer 2A (4.1-4.6 km s −1 ) and within the intrusive Layer 2B (5.1-5.8 km s −1 ) are below the V p expected for unfractured basalt and diabase at ∼200
• C (Fig. 2b) . From the differences in observed and expected velocities we estimate that Layer 2A stores on average 3.0 ± 0.4 wt% and 1.8 ± 0. Fig. 3a) . At the northern end of the profile, lower crustal V p is consistent with our estimate for unaltered, non-porous gabbroic rock at 350
• C (Fig. 2a, • 05 N propagator wake, within which we find the highest mantle velocity in our model. Taking into account azimuthal mantle anisotropy in our measurements (Methods), we calculate V p for a dry mantle at a temperature of 500
• C to be ∼7.88 km s −1 along the profile (Fig. 2c ). Our tomography model is consistent with this value north of the 46
• 50 N propagator wake (within the estimated At, and to the south of the 45
• 05 N propagator wake, the assumption of 6% mantle anisotropy along the spreading direction (Methods) is clearly not valid because it predicts V p significantly lower than what we measured (Fig. 2c) . In fact, the highest measured V p is close to what we would expect for a dry mantle in the absence of mantle anisotropy. This indicates that the 45
• 05 N propagator wake marks a disruption in the shallow mantle anisotropic fabric, as indicated by the more complex dependence of P n travel time with azimuth in Fan 3 data compared with data from Fans 1 and 2 ( Supplementary Figs 4-6) . Therefore, the uncertainty in mantle anisotropic structure at and to the south of the 45
• 05 N propagator wake makes mantle water content estimates at this location less well constrained, although they range from nominally dry mantle up to values similar to those north of the propagator (Fig. 3b-d) .
We estimate that the upper crust contributes between 5,200 and 7,400 Tg Myr −1 km −1 to the subduction flux of water at Cascadia (Fig. 1 and Methods) . In contrast, the combined lower crust and upper mantle subduction flux is an order of magnitude lower than that contributed by the upper crustal reservoir (Fig. 1) .
Controls on Juan de Fuca plate hydration
The upper crustal water content at Cascadia and its contribution to subduction flux of water generally decreases southwards, but it is dominated by fluctuations along the margin at wavelengths of a few tens of kilometres (Figs 1 and 3a) . In contrast, lower crustal/upper mantle water content shows a marked change at 45 (Fig. 1) . Although the total amount of lower crustal/upper mantle water is small, the relative change in water content at 45
• 50 N is significant, and we interpret it as resulting from an increase in plate-bending faulting south of this latitude that enhances water penetration to lower crustal and upper mantle levels. This interpretation is based on the contrasting characteristics of bending faults along profiles L1 and L2 (Fig. 1) 24 . The origin of this along-margin variation in the extent of bending faulting and associated plate hydration has been attributed to variations in the curvature of the slab 24 and in the orientation of the pre-existing oceanic fabric 20, 24 (Supplementary Table 1 ). The elevated levels of seismicity in the southeastern sector of the JdF plate ( Fig. 1) indicate that this region is deforming more extensively than the rest of the plate interior. Spatially variable intra-plate deformation, which has been attributed to JdF ridge and Blanco TF push 22 and/or increase in strain rate along the CDF 23 , is thus probably an additional factor contributing to along-margin variations in the extent of bending faulting.
JdF plate upper crustal water contents are similar to those inferred from seismic observations at other subduction zones or measured in drilled samples, but lower crustal and mantle water contents are significantly lower than inferred for any other subduction zone (with the possible exception of western Nankai Trough, Supplementary Table 1) . Seaward from the CDF off Oregon, bending faults extend into the mantle 24 as in a number of other subduction zones 29, 30 . However, the along-strike variability in bend faulting at the JdF plate, along with the overall lower magnitude of bend faulting and lower fault density compared to other incoming plates, limits water penetration into the lower crust/upper mantle 20, 24, 30 . This, together with a warm thermal structure that prevents significant formation of hydrated minerals, explains the dryness of the lower crust/upper mantle in this region.
Incoming plate structure and fore-arc processes
The propagator wakes at 45
• 05 N and 46
• 10 N and buried seamount at 45
• 25 N contribute significantly to H 2 O pore content, particularly at upper crustal levels (Figs 1 and 3a,b) , indicating that volcanic and tectonic features inherited from accretion at the ridge axis are local hydration anomalies entering the subduction zone. The location of these features landward from the CDF coincides with the segmentation in the extent of palaeo megathrust ruptures inferred from turbidite records 31 ( Fig. 1) . Increased fluid released from the subducted hydrated pseudofaults may thus contribute to small-scale plate interface heterogeneities that act as rupture barriers, as also inferred for the Illapel (Chile) earthquake region 32 . However, because of the obliquity of these features relative to the convergence direction and the strike of the CDF (Fig. 1) , and the uncertainty in the down-dip width of the seismogenic zone 33 , the precise latitudes at which subducted propagators may influence megathrust properties are unconstrained.
Previous studies resolve a 3 ± 1-km-thick low-velocity zone down to depths of at least 45 km beneath North America, interpreted as hydrated oceanic upper crust over a low-porosity lower crustal layer 34, 35 , similar to the hydration distribution we determine for the JdF plate at the CDF. This indicates that the general hydration structure of the shallow portion of the slab is inherited from the structure of the plate at the onset of subduction, and maintained to at least ∼45 km depth. Our determination of the hydrated structure of the JdF plate has implications for the origin of ETS events and low-frequency earthquakes. These events are a characteristic of Cascadia and other warm subduction zones 37, 38 , occurring around the mantle wedge corner, spatially distinct and down-dip from the seismogenic zone 14 . ETS are promoted by high pore-fluid pressures maintained by a combination of fluids released from the slab and decreased permeability above the slab due to serpentinization of the mantle wedge and silica deposition in the overlying continental crust just up-dip of the mantle wedge tip 14, [39] [40] [41] . At Cascadia the fluid source must be at and/or down-dip from the ∼40 km depth level of the slab interface, as the majority of tremors occur directly above this interface depth 42 ( Fig. 1) . Our finding of an essentially dry incoming lower crust and mantle implies that fluids released from the subducting upper crust are the most likely source for fluid-mediated tremor.
Implications for deep slab processes and arc magmatism
The oceanic mantle is potentially the largest water reservoir entering subduction zones and the only one with the capacity to carry substantial amounts of water to sub-arc depths 1 and influence deep slab processes such as intra-slab seismicity as well as genesis of arc magmas. Intra-slab seismicity beneath central Cascadia is very sparse, aside from seismicity clusters beneath the Strait of Georgia-Puget Sound region and northern California (Fig. 1) , which are thought to result from flexural stresses associated with warping of the plate and N-S compression between the Pacific and JdF plates 20, 24, 43 . Low levels of intra-slab seismicity are also observed within other sections of the global subduction system where the incoming plate enters the subduction zone at a young age, such as southern Chile trench and Nankai Trough.
Hydrous melting of the mantle wedge triggered by slab-derived fluids is considered the main mechanism that leads to arc magmatism. With the exception of Mt. Shasta in the southern Cascades 44 , water contents in arc magmas in the Cascades 17, 45 are lower than at any other subduction zone, with some arc magmas in central Oregon being among the driest globally 46 . This, and the general depletion in fluid-mobile elements characteristic of slab contribution to arc magmatism 47 , have been interpreted as suggesting that at Cascadia, decompression melting of a convecting mantle wedge dominates over slab-derived hydrous melting as the source of arc magmas 48 . Our finding that the oceanic mantle entering central Cascadia is very poorly hydrated supports this hypothesis and explains the low levels of intra-slab seismicity at Cascadia, both of which may be general features of warm subduction zones. In these settings, only anomalously hydrated features in the incoming plate may locally contribute to these processes. For example, south of our survey area, the incoming Gorda plate may be more hydrated due to its extensive deformation 49 ( Fig. 1 ) than what we find for the JdF plate, which would explain why southernmost Cascades magma compositions are consistent with a much wetter slab mantle (2 wt% water) 17 . Differences such as this between our results and previous assumptions on the content, mode of storage, and distribution of water within the JdF plate 1, 7, 15, 17, 41 further highlight the need for a systematic quantification of incoming-plate H 2 O pore and H 2 O + at crustal and mantle levels at other subduction zones where previous estimates of plate hydration from seismic velocities are incomplete (Supplementary Table 1 ) and may be overestimated 8, 50 .
Methods
Data acquisition and processing. Multichannel seismic (MCS) reflection and ocean bottom seismometer (OBS) wide-angle seismic data 51, 52 acquisition is described in detail in refs 18,24. Twenty-six OBSs spaced 15 km apart were deployed along profile L3 (Figs 1 and 2a) . These instruments first recorded data from airgun shots fired every 500 m for wide-angle refraction, and a second time from closely spaced shots (37.5 m) for MCS streamer imaging. OBS records were filtered between 5 and 20 Hz. Predictive deconvolution was applied to wide-angle records to improve identification of the wide-angle Moho (PmP) triplication. MCS data were processed up to a post-stack migrated section with the objective of imaging the igneous basement, which was used as a constraint in the tomographic inversions. MCS processing consisted of: geometry definition, velocity analysis, spherical divergence and surface-consistent amplitude corrections, 3-60 Hz band-pass filtering, normal move-out correction, stacking, seafloor multiple muting, and post-stack F-K migration.
Travel times of first-arriving sedimentary phases (P s ) were hand-picked in the OBS records of the MCS shots (Supplementary Appendix A) . Travel times for sub-basement crustal refractions (P g ), PmP, and sub-Moho mantle refractions (P n ) were hand-picked in the wide-angle OBS records (Supplementary Appendix B) . Pick statistics are given in Supplementary Table 2 .
Tomography modelling. To solve for the two-dimensional (2D) V p structure and depth to the Moho we applied a joint refraction-reflection travel-time tomography method 53 , a nonlinear inversion regularized by imposing damping and smoothing constraints. We followed a top-down modelling approach as described in ref. 18 : First we inverted for V p within the sediments using the travel times of sedimentary refractions P s picked on the OBS record sections for the closely spaced (37.5 m) MCS shots. Seafloor depth along the profile was kept fixed and was obtained from the RV Langseth EM-122 multi-beam echosounder. We then proceeded to invert for crustal V p and Moho depth using the crustal refractions P g and Moho reflections PmP travel times picked on the OBS record sections for the widely spaced shots (500 m). For this step the structure obtained in the previous stage above a pre-determined interface (basement, obtained from the two-way travel time measured in the MCS image converted to depth using the sediment velocities obtained in the previous stage) was kept fixed. Lastly we inverted for mantle velocities using the P n travel times, keeping fixed the structure obtained in the previous stage above the Moho interface.
To minimize possible biases in the inversion result due to the choice of starting model and to obtain a quantitative measure of the model uncertainty, we followed a Monte Carlo approach and conducted a large number (100) of tomographic inversions at each stage starting with different, randomized one-dimensional (1D) models 53 ( Supplementary Fig. 1 ). For each stage, the preferred velocity model was then taken as the mean of the 100 Monte Carlo solutions (Supplementary Fig. 2 ). Data fit statistics are given in Supplementary Table 1. Uncertainties reported in the text for sediment thickness and V p values represent 1σ of the Monte Carlo solutions (Supplementary Fig. 3) .
To simplify the estimation of water content from the tomography model we focus our analysis to certain depth intervals representative of the main seismic units of oceanic crust: extrusive volcanics (Layer 2A), with a thickness of 370 m (ref. 19) , dikes (Layer 2B, 0.5-1.5 km below basement), gabbros (Layer 3, 0.5-2.5 km above Moho), and upper mantle (0.5-1.5 km below Moho). We also applied an anisotropic correction to the tomography model to determine what would be the V p measured in the spreading direction, thus orthogonal to the main orientation of faults and cracks, which is the most sensitive to the presence of vertically aligned cracks 54 . To do this we compare the V p structures obtained along L1 (ref. 18 ) and along L3 (this study) at the intersection between both profiles (Supplementary Fig. 7 ). We find that the differences in V p measured along L1 and L3 can be explained by crustal anisotropy that decreases linearly with depth, from 25% at the basement to 0% at 1.6 km below basement. This upper crustal anisotropy is of much larger magnitude than what is commonly reported 54 , but is comparable to the high anisotropy values that characterized young crust at the JdF ridge: 39% in the upper ∼500 m at the Cleft segment 55 , and locally exceeding 15% in the upper ∼1 km at the Endeavour segment 56 .
To interpret the mantle velocities we explore the effect of azimuthal mantle anisotropy in our measurements. Data recorded along fan profiles F1 and F2 (Fig. 1) indicate that mantle anisotropy in young JdF plate and near the CDF offshore Washington is 5.8 ± 1.2% and 8.4 ± 1.5%, respectively, with fast propagation along the spreading direction (Supplementary Figs 4 and 5) . These values are comparable to the magnitudes of mantle anisotropy measured in both young (6% (ref. 57)) and old (8.5-9 .8% (ref. 58)) fast-spreading plates. For simplicity, we assume a mantle anisotropy of 6% with fast propagation aligned along the spreading direction.
Thermal structure and reference V p . We approximate the thermal structure of the plate along our profile by extracting the 1D geotherm from the 2D thermal model of ref. 18 at the intersection of profiles L1 and L3, and extrapolating it along L3. We calculated reference V p for major lithologies representative of the upper crust (basalt or diabase), gabbro (lower crust), and peridotite (upper mantle) at the temperatures predicted by the thermal model within the chosen depth intervals along our profile (Fig. 2) . P-wave velocity values for unaltered lithologies at room temperature and the temperature dependence of V p used in these calculations are given in Supplementary Table 3 .
Water content estimates. For the sub-proto-décollement sediments, we convert the averaged tomography-derived V p to porosity using Equation 9 of ref. 59 for highly consolidated sediments assuming a dominant shale composition, consistent with the composition in the 400-m-above-basement of hemipelagic sediments and turbidites drilled at ODP Leg 168 Hole 1027 in 3.6 Myr old JdF plate (∼75% clays, ∼25% silts, ∼0% sands) 60 . We then estimate the amount of H 2 O pore assuming an average sediment density of 2,500 kg m −3 (ref. 61) .
For the crustal and mantle layers, we assume a certain maximum porosity φ max that can be filled with any combination of fluid water and hydrated alteration mineralogies. The fraction of material that is occupied by H 2 O pore is parameterized as φ max φ pore , and the fraction of material that is occupied by hydrated minerals is parameterized as φ max φ struct , such that φ pore + φ struct = 1. By fixing the value of φ max and the crack aspect ratio, we can then use effective medium theory 25 to calculate the unique combination of [φ pore , φ struct ] required to explain the differences in V p between our tomography model (after correction for crustal anisotropy when appropriate) and the temperature-corrected reference V p , for the host lithologies and depth intervals described above (Fig. 2b,c ). φ pore can be then converted directly to H 2 O pore . H 2 O + can be estimated from φ struct by choosing a hydrated alteration mineral assemblage for each layer.
Parameters and uncertainties.
To account for uncertainties in the parameters that have the largest influences in our water content estimates (temperature, V p , φ max , crack aspect ratio), and the trade-offs between them, we adopted a Monte Carlo statistical strategy consisting of generating a large (N = 100) number of solutions obtained from randomly generated parameter values. This approach allows us to obtain solutions that represent the full parameter spaces in a statistical manner. Preferred water contents along profile L3 are then estimated from the mean of all possible solutions, with water content uncertainties represented by the 99% confidence intervals of the estimates of the means.
For V p at each layer we use each of the Monte Carlo tomography models described above. For temperature, we add to the average layer temperature described above a random perturbation obtained from a uniform probability distribution between ±100 • C ( Supplementary Fig. 8 ).
Layer 2A. For φ max we use random values obtained from a normal distribution ( Supplementary Fig. 9d ) derived from published measurements ( Supplementary  Fig. 9c ). Crack aspect ratios ( Supplementary Fig. 9e ) were obtained from effective medium theory 25 by combining the randomized φ max values with random Layer 2A V p values ( Supplementary Fig. 9b ) derived from published measurements ( Supplementary Fig. 9a ).
Layer 2B. Because of insufficient estimates of φ max in the dike section in zero-age crust we use an empirical relationship between V p and φ max ( Supplementary Fig. 10 ) to convert random Layer 2B V p values ( Supplementary Fig. 10b ) derived from published measurements (Supplementary Fig. 10a ) into a random distribution of porosities for Layer 2B (Supplementary Fig. 10c ). As for Layer 2A, crack aspect ratios in layer 2B ( Supplementary Fig. 10d ) were obtained from effective medium theory 25 by combining the randomized φ max values with the random V p values.
Layer 3. For φ max we use random values obtained from a log-normal distribution ( Supplementary Fig. 11d ) derived from published measurements in gabbroic samples from drill cores (Supplementary Fig. 11c ). Crack aspect ratios ( Supplementary Fig. 11e ) were obtained from effective medium theory 25 by combining the randomized φ max values with random V p values ( Supplementary  Fig. 11b ) derived from the same gabbroic samples (Supplementary Fig. 11a ).
Mantle. For the mantle we assume that the random distributions of φ max and crack aspect ratios are not different from those for the lower crust ( Supplementary  Fig. 11 ). This assumption is valid because we are only estimating hydration of the uppermost mantle down to 1.5 km below the Moho, where conditions are not much different from those within 2 km above the Moho, and it is supported by porosity estimates of the lower crust and upper mantle from electromagnetic data off the Middle America Trench away from the influence of subduction bending faulting 62 .
Alteration mineralogies. For H 2 O + in the upper crust we assume an alteration assemblage consisting of 80 wt% saponite and 20 wt% celadonite for Layer 2A 3, 7 , and of 16.55 wt% chlorite, 75.25 wt% actinolite, and 8.2 wt% albite for Layer 2B 3 . These mineralogies were kept constant in all of the Monte Carlo calculations because they are based on in situ sampling and represent well the alteration of upper oceanic crust.
For H 2 O + in the lower crust we use a temperature-dependent alteration assemblage, as predicted for hydrothermal alteration of olivine gabbro ( Supplementary Fig. 12 ) 63 . Since the water content of these assemblages is very sensitive to temperature ( Supplementary Fig. 12 ) in the range of temperatures we estimate for the lower crust (350 • C, Fig. 2a) , the Monte Carlo solutions for H 2 O + in the lower crust use different mineral alteration water contents based on the random temperature perturbations (Supplementary Fig. 8 ).
For the upper mantle we calculate H 2 O + using two possible alteration assemblages: 41 wt% talc + 23 wt% chlorite + 36 wt% amphibole, and 67.8 wt% serpentine + 19.8 wt% chlorite + 12.4 wt% amphibole 64 . N = 100 Monte Carlo solutions were calculated with each assemblage. The elastic parameters and water content for the host rocks and alteration assemblages, at the pressure and temperature conditions appropriate for each depth interval considered along our profile, were calculated using the workbook of ref. 65 (Supplementary Table 4 ).
Subduction water flux at Cascadia. We determine the subduction flux of crustal and mantle water by integrating our water content estimates over a column consisting of three layers (2-km-thick upper crust, 4-km-thick lower crust, and 2-km-thick upper mantle). For these calculations we use the mantle water content estimates assuming no anisotropy south of the 45 • 05 N propagator and 6% to the north of it for a talc+chlorite+amphibole alteration mineral assemblage. We chose the talc-bearing over the serpentine-bearing assemblage because the modelled mantle temperatures are at the upper limit of the stability field for antigorite at 3 kbar (ref. 66) while talc is stable at these conditions 67 . Our water flux calculations do not include the contribution from subducted sediments because of the high uncertainties in the thickness of sediments that are being subducted resulting from the décollement changing stratigraphic level both along and across the margin 26 . This approximation is reasonable for much of the margin in our study area, as the available data indicate little sediment is being subducted offshore Washington 27, 28 . Offshore central Oregon, where subducting sediment thickness is greater 26 ( Fig. 2a) 
